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ABSTRACT 

Previously reported work on the development of a nylon 
rotating band for the 20mm aircraft gun Mk 12 had shown 
that the band as developed imparted full spin to the pro- 
jectile, obturated satisfactorily, and did not fringe 
noticeably or produce unacceptable yaw, in slow fire at 
muzzle velocities up to 3500 ft/sec and at temperatures 
from -65° to 160°F,  On the basis of a relatively small 
amount of firing, the band appeared to be completely 
retained in flight even at the temperature extremes.  This 
report continues the account of the development work on 
this band, including additional extreme temperature firing, 
firing for ballistic accuracy, and rapid-fire tests. 

The extreme temperature firing indicated that a band 
design and a method of molding have been achieved which 
produce a band that is retained in flight at all firing 
conditions. 

The rapid fire results showed that very satisfactory 
performance of the band is obtained even in a very hot gun. 
In chromium-plated barrels the nylon bands produce a 
spectacular increase in gun life.  One barrel has been 
fired for over 2400 rounds on a severe schedule with 
practically no wear, while a similar barrel fired on the 
same schedule with gilding-metal bands was worn out after 
1000 rounds.  Unplated barrels also show an increase in 
life with nylon bands, but not to a similar extent.  No 
evidence of band loss in rapid fire has been observed.  Yaw 
performance in rapid fire has been in some cases inferior 
to that observed with gilding-metal bands, but none of 
these cases having occurred at less than 150 rounds of 
burst firing, they are not considered to be of importance 
in service use.  The short-range dispersion obtained in 
rapid fire is generally comparable with that obtained with 
gilding-metal bands. 

In accuracy firing (slow fire in a Mann barrel) 
acceptable dispersion at long range is obtained. 

A report bearing on the storage life of nylon bands 
is in preparation. 

^^^IMIMWJ)^ ii 
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FOREWORD 

The work described in this report was conducted by- 
authority of reference (a) under Task Assignment NPG-B-3b- 
225-1-54, during the period 1 February 1953 to 1 May 1954. 
This is the twentieth partial report submitted under this 
task assignment, "Projectile Rotating Bands and Components". 

The nylon bands injection molded on the projectiles 
arid fired in these tests were produced by Nylon Molded 
Products Corporation, Garrettsville, Ohio, (commercial 
molders) or by the Naval Ordnance Laboratory.  The Naval 
Ordnance Laboratory molding was done under the technical 
supervision of S. Prosen of the Plastics Division.  Chromium 
plating of Mk 11 gun barrels was accomplished at the 
National Bureau of Standards, under the technical supervi- 
sion of J. Young. 

The tests upon which this report is based were 
%>       conducted by: 

T. W. TRUSLOW, Lieutenant (jg), USN 
Light Armor Firing Officer 
Terminal Ballistics Department 

J. J. KOPCHINSKI, Aviation Ordnance Department 
R. B. BUTLER, Head, Design Branch 

Terminal Ballistics Department 

Ls report was reviewed by: 

L. DeROCHER, Head, Engineering Division 
Terminal Ballistics Department 

W. B. ROBERTSON, Commander, USN 
Terminal Ballistics Officer 

R. H. LYDDANE, Assistant Director of Reseaj 
N. A. M. RIFFOLT, Director of Research 
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INTRODUCTION 

Reference (b) reported the original design and develop- 
ment work on a nylon rotating band for the 20mm Mk 12 
aircraft gun, as well as the results of the evaluation in 
slow fire of relatively small samples of band models for 
spin, obturation, fringing, yaw near the muzzle, degree of 
band retention in flight, and performance at extreme tem- 
peratures.  It was found that the bands developed imparted 
full spin to the projectile, obturated satisfactorily, and 
did not fringe noticeably or produce unacceptable yaw, in 
slow fire from a Mk 12 gun at muzzle velocities up to 
3500 ft/sec and at temperatures from -65° to 160°F.  On the 
basis of a relatively small amount of firing, the bands 
appeared to be complete^ retained in flight even at the 
temperature extremes. 

This report continues the account of the development 
work on this band, including more extreme temperature 
firing, accuracy firings, and rapid-fire tests. 

PROCEDURE AND RESULTS 

Recovery Firing to Determine Band Retention 

The bands under evaluation in this phase were of two 
NOL lots, previous tests of which, as well as manufacturing 
details, were reported in reference (b).  Briefly, the two 
lots were the same except that Lot 4A was molded at a mold- 
temperature of 190°F and a projectile temperature of 160°F, 
while for Lot 4B the mold was at 60°F and the projectile at 
75°F.  Both lots were of 0SJ3 long bands, molded on Type 2 
Mod 2 projectiles, as shown in Figure 1, left» 

13lStei*«uL 
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Projectiles  from each  lot  were subjected to  temperature 
conditioning  as  follows: 

No.   of   Rounds 

lot 4A  Lot 4B Conditioning 

10      10    Dry at 160°F for 7 days, ambient for 
24 hours, -65°F for 4 hours, fired at 
-65°F. 

10      10     -65°F for 4 hours, +160°F (dry) for 
4 hours, ambient for 16 hours, this cycle 
repeated 7 times. Projectiles brought to 
-65°F for 4 hours and fired. 

7      10    160°F and 100$ relative humidity for 
7 days, fired at 160°F. 

The projectiles were fired for recovery from a new Mk 11 
Mod 2 barrel.  Microflash photographs (Figure 2 shows 
typical examples) were taken of all rounds in flight at 
100 feet from the muzzle and spin was determined for some 
of the rounds on each test.  The results are shown in 
detail in Tables 1, 2, and 3 (Appendix B).  Except for band 
retention in the case of the lot 4A projectiles fired at 
-65°F, both lots performed satisfactorily in every regard 
at both high and low temperature.  Out of 20 projectiles 
from lot 4A fired at -65°F, six showed some band loss. 
Results of the initial test of these lots (reported in 
reference (b)) also indicated that lot 4A bands would not 
be uniformly retained when fired at -65°F.  Counting both 
tests, a total of 83 rounds have been fired at high, low 
and ambient temperatures.  At -65°F lot 4A showed incom- 
plete band retention on 8 out of 25 projectiles fired. 
Eight projectiles at ambient and seven projectiles at +160°F 
showed no loss.  On the other hand no loss for lot B was 
shown for 25 projectiles fired at -65°F, 8 at ambient and 
10 at +160°F. 
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Neither lot showed any detectable deterioration in 
performance after a week's temperature cycling, nor after 
a week's exposure to 160°F and 100$ humidity, which produces 
a soft band by reason of temperature softening and softening 
by moisture absorption.  It is interesting to observe, in 
view of the fears which have sometimes been expressed of ■ 
rapid and excessive dimensional changes of FM 10001 nylon, 
either by thermal expansion or moisture absorption, that in 
a week's exposure to such extreme conditions these latter 
bands increased in diameter by about 0*2004, which is not 
enough to cause any interference with the gun chamber. 

In view of the better band retention of Lot 4B, all 
nylon-banded 20mm projectiles subsequently procured, except 
a few for mold temperature studies, have been molded under 
similar conditions of mold and projectile temperature. 

Development of Special Crimp 

An attempt was now made to fire a powder charge deter- 
mination, preparatory to conducting standard rapid-fire 
tests to determine "gun life and projectile performance with 
0!23 long nylon bands.  In the 15-round bursts, which are a 
part of the charge determination, and which were the first 
bursts fired with 20mm nylon-banded projectiles, numerous 
small pieces of nylon were observed to be emitted from the 
breech of the gun. 

This caused alarm, and the phenomenon was investigated, 
by making up 15-round belts' of standard ammunition with all' 
rounds live except the last, which had an inert powder ■ 
charge and a nylon band.  When the belt was burst-fired, 
the nylon-banded round came to rest in the chamber, after 
going through the normal loading cycle, and was extracted 
and examined.  It was found that the nylon bands were 
chipping and losing pieces by reason of the forward motion 
of the case over the projectile upon impact of the belt 
mechanism on the base of the case.  This forward motion is 
not a new phenomenon since it is commonly observed with 
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standard gilding-metal-banded rounds, but while the gilding- 
metal band is sufficiently strong to act as a stop for the 
case without damage to itself, the nylon band is not.  One 
of the rounds loaded in the fashion described is shown after 
extraction in Figure 3, left.  High-speed motion pictures 
of the loading process confirmed that the band damage was 
occurring in this manner. 

It was thus necessary either to improve the strength 
of the crimp, or to provide a stop other than the band for 
the forward motion of the case.  Several attempts to improve 
the crimp strength were-made, involving a deeper crimping • 
groove, a double groove, or a more favorably shaped groove, 
but none of these was fully successful.  Crimping the case 
with its forward edge as far back of the band as practi- 
cable, so as to permit a maximum forward motion before the 
band was contacted, was also unsuccessful.  The problem 
was finally solved by cutting a notch, between the standard 
crimping groove and the after edge of the band, to hold the 
mouth of the case and prevent its touching the band.  The 
mouth of the case is forced into this notch by a special 
jig during the operation of assembling projectile and case. 
The round is then rubber-crimped in the standard manner. 
This procedure, as compared with the standard assembly, 
involves no additional trouble or expense other than the 
cost of the special jig, and has been in use on all nylon- 
banded rounds fired subsequent to its development, with 
only a few exceptions when slow fire tests were conducted« 
Figure 4 shows the contour of the notch, and Figure 3» 
right, shows a round with the modified crimping groove 
after loading and extraction. 

The deformation of the case mouth into the notch has 
caused no appreciable case damage on firing in slow fire or 
in bursts. 

Abandonment of the 0'.?2 Band 

About the same time, burst firing in a standard-twist 
unplated barrel was attempted with bands 0'J2 long, earlier 
work on which has been described in reference (b).  Some 
doubts'had previously been felt about the adequacy of this 
design, which were justified when on the burst firing the 

CO 
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majority failed badly to impart the required spin.  In view 
of this result, the 0-.J2 band was abandoned, and no further 
work on it attempted.  All projectiles fired subsequently 
have been of the Type 2 Mod 2 design, with bands 0?i3 long 
and 08J82S in diameter (Figure 5), with the exception of 
some projectiles, as described later, with variations in 
diameter. 

Determination of Pressure-Time Data 

Pressure time data were obtained for nylon- and 
gilding-metal-banded projectiles fired from a Mann barrel 
fitted with a piezoelectric pressure gauge.  Two different 
nylon bands were employed in this work, both 0'J3 long, 
one 0'.'828 and the other 0V834 in diameter.  The detailed 
results are given in Appendix C. 

In brief, the results indicated little difference among 
the three types of projectile, except for a tendency for 
the nylon-banded projectiles to give a peak pressure one to 
two tons lower for about the same muzzle velocity and muzzle 
pressure.  This is in line with what has been observed for 
nylon bands in other calibers, and is attributed to the 
lower engraving force and diminished bore friction charac- 
teristic of nylon. 

Accuracy Tests 

Three accuracy tests were fired from Mann barrels to 
determine the performance of the nylon-banded projectiles. 
In the first of these, six ten-round groups were fired at a 
vertical target 600' from the gun.  One group consisted of 
reference rounds (standard gilding-metal-banded Mk 11 Mod 0 
projectiles); one of Type 2 Mod 2 projectiles; one of Type 2 
Mod 2 projectiles crimped in the case with the same crimp- 
as the standard gilding-metal-banded projectiles, that is, 
without the additional crimping notch used with the other 
nylon-banded projectiles; one of Type 2 Mod 2 projectiles at 
-65°F; and one each of Type 2 projectiles at band diameters 
of 0'J823 and 0«1834.  The projectiles with 0«J834 bands were 
not crimped at all, since it was discovered too late that 
they could not be crimped without modifying the equipment. 
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In the   second  test,   25  or  26-round groups  were  fired 
at   1500  yards   range,   comparing  standard  projectiles,   Type  2 
Mod  2  projectiles,   and  Type  2  projectiles  with  band  diameter 
of  0«.'834  and  0S.?836  diameters. 

In  the   third  test,   ten-round  groups  were   fired  at   600* 
range,   comparing  reference   projectiles,   Type  2 Mod  2   projec- 
tiles,   and  Type   2  Mod   6   projectiles,   the   latter   being 
identical  to   the   Type   2  Mod  2   projectiles   except   for  the 
provision   of   an   after   bourrelet   behind   the   band   of   0JJ784 
diameter   (an  increase   in  diameter  of   0'2014)» 

The  detailed  results   are   given in Appendix D,   and  are 
summarized in the  following  table,   which  gives  for  each 
group  the  horizontal  and  vertical  standard  deviations  in 
mils,   and the  RMS  average  of   these  two  quantities.     If 
horizontal  and  vertical   dispersions   are   equal,   the  RMS 
average  gives   the  best   estimate   of  a figure  of merit  for 
the   accuracy  of   the   round. 

Standard Deviations  (Mils)  of Points of Impact of 
Nylon-banded 20mm Mk 11-0 Projectiles Fired from Accuracy Barrels 

Projectile Type Horizontal   Vertical    RMS Average 

Test of 10-round groups at 600'  range on 7 August 1953 

Standard 0.40 0.20 0.31 
T2-2 0.50 0.79 0.66 
T2-2 (Service Crimp) 0.87 0.74 0.80 
T2-2 (at -65°F) 0.52 0.35 0.44 
T2 at 0Ü823 diameter 0.54 0.44 0.49 
T2 at 0U834 diameter (Not crimped) 0.36 0.53 0.46 

Test of 25-26-round groups at 1500 yd.  range on 22-26 August 1953 

Standard 0.41 0.40 0.40 
T2-2 0.62 0.90 0,77 
T2 at 05834 diameter 0.57 0.63 0.60 
T2 at 0f.»836 diameter 0.60 0.67 0.64 

Test of 10-round groups at 600'  range on 11 March 1954 

Standard 0.34 0.21 0.28 
T2-2 0.36 0.45 0.41 
T2-6 0.77 0.66 0.72 
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These results show a general increase in standard 
deviation for nylon over gilding metal.  For the Type 2 
Mod 2 projectile this increase is by. a factor of 1.5 to 2. 
Firing the nylon band cold (-65°F) or at large or small 
diameter appears to improve the accuracy somewhat, although 
it does not bring it up to the level of the gilding metal 
band.  There was initially considerable doubt whether the 
greater dispersion with nylon was to be attributed to a 
less firm centering of the projectile in the gun, particu- 
larly at exit, or to a small amount of fringing.  The 
diminished dispersion with cold bands and with bands of 
altered diameters could support either hypothesis.  In an 
effort to distinguish, the Type 2 Mod 6 projectiles were 
made up and fired in the third test.  That this projectile, 
with a larger body diameter aft of the band, showed greater 
dispersion is considered to support the idea that there is 
some degree of fringing which causes the increased disper- 
sion. 

The actual amount of dispersion for the nylon-banded 
projectile is not great, and it is considered that in 
service the increase over the metal-banded projectile would 
be completely masked by dispersion attributable to the gun, 
the fire control system, and the aircraft. 

Rapid-Fire Tests 

The standard firing cycle for rapid-fire barrel life 
tests with the 20mm Mk 12 gun consists of twelve 50-round 
bursts (fired at a rate of about 1000 rounds per minute), 
with two minutes between bursts, and with complete cooling 
following the end of the cycle (600 rounds).  In some 
cases, cold erosion checks are also fired.  The criteria 
for end of life of the barrel, arrived at from experience 
with gilding-metal-bands, are a 200 ft/sec loss in velocity 
averaged over a 50-round burst, or occurrence of yaw greater 
than 15° on 20$ or more of the rounds in a burst, whichever 
occurs first. 

In the rapid-fire tests, velocity, yaw, and dispersion 
are measured, and star-gauging of the barrel is conducted. 
Details of these measurements, as well as data on the ammu- 
nition components and assembly, will be found in Appendix E. 
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Retention of nylon bands in rapid-fire was judged 
either by a thorough search of the ground in front of the 
gun for band fragments, or by firing through a wire-screen 
enclosure 30" x 30" x 48» long and checking for the presence 
of band fragments after each burst»  No nylon band fragments 
were found in any test. 

All nylon bands used in the rapid-fire tests were 
molded by Nylon Molded Products Corporation, and while all 
were molded under the same conditions so far as these could 
be controlled, the projectiles will be identified by lot 
numbers.  A lot is defined as a set of projectiles whose 
bands have been molded in one mold, on one machine, and in 
the same run. 

The barrels employed were either standard Mk 11 Mod 2 
barrels (unplated), or Mk 11 Mod 2 barrels modified at the 
Bureau of Standards by electropolishing and plating chamber 
and bore with 0'i006 of hard chromium. 

The detailed data obtained in all the rapid-fire tests 
are contained in Appendices F (plated barrels) and G 
(unplated barrels).  For convenience, the velocity data and 
barrel erosion results are summarized graphically in Fig- 
ures 6 to 11, Appendix A, and the yaw and dispersion data 
are summarized in the table on the following page. 

The first barrel tested with nylon bands was No. EX-184, 
a plated barrel.  On the first two erosion cycles in this 
barrel, although gun wear was negligible, velocity mainte- 
nance excellent, and dispersion acceptable, a large number 
of yawed rounds were encountered. 

With nylon bands, the first round in each burst in a 
well-heated gun, being charged into the chamber and remain- 
ing there for ten or fifteen seconds before firing, usually 
shows a large yaw.  This is to be attributed to band failure 
as a result of heating the band, and it is not considered 
entirely fair to count this round in applying the yaw 
criterion stated above.  The effect is of little service 
importance, since it does not occur until 150-200 rounds 
have been fired. 

8 
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Omitting from the count the first round of each burst 
after the third, one finds that the bursts in the first 
cycle which failed the yaw criterion were the third through 
the eighth, and the tenth.  In the second cycle, the fifth, 
sixth, tenth, eleventh, and twelfth bursts failed the.yaw 
criterion.  The failure to pass the conventional yaw 
criterion was not taken very seriously, since there appeared 
to be no very definite trend toward deterioration of per- 
formance, successive bursts in the same cycle passing or 
failing in quite an arbitrary way.  (This is not the case 
for barrels fired with gilding-metal bands, where shortly 
after the first burst to fail on yaw, the accuracy of the 
gun declines precipitously.)  Furthermore, the negligible 
amount of wear of the gun indicated no reason to believe 
that the barrel performance should be deteriorating. 

It was accordingly decided to continue testing this 
barrel, and two more cycles were fired.  As shown in 
Figures 6 and 9, in the summary table above, and in Appen- 
dix F, the results of these two cycles were completely 
satisfactory.  After 2464 rounds, the barrel showed practi- 
cally no wear, the velocity drop was negligible, and the 
yaw performance was somewhat better than expected with 
gilding-metal bands. 

In the fourth cycle of this barrel, the bands fired in 
the first, f-ourth, and eighth bursts were of a diameter 
reduced to 0'2823.  This experiment was made for two reasons: 
(l) work in other gun calibers had indicated a possible 
improvement in range accuracy by reduction of band diameter, 
and (2) investigations of artificial aging of nylon had 
disclosed the possibility that under prolonged storage under 
very humid and hot conditions, nylon bands at 0'J828 diameter 
might increase in size just enough to be troublesome in 
seating in the chamber of the gun.  The 0!J823 diameter bands 
showed no detectable difference in performance. 

One more plated barrel has been fired for one cycle 
with 0'J828 nylon bands, and a third has been fired for one 
cycle with 0'J823 nylon bands.  Both, as the data in Fig- 
ures 7 and 10, in the summary table, and in Appendix F show, 
gave excellent performance, similar to that shown in the 
third and fourth cycles of the first barrel.  Two plated 
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barrels have been fired to end of life with standard 
gilding-metal bands, for comparison.  Both had a velocity- 
life (to 200 ft/sec drop) of about 1000 rounds, and an 
accuracy life of about 1150 rounds (see Appendix F). 

One unplated barrel has been fired to end of life with 
0si828 diameter nylon bands, and two for comparison with 
standard gilding-metal bands.  The results are given in 
detail in Appendix G, and are summarized as regards yaw and 
dispersion in the summary table above, and as regards veloc- 
ity and barrel wear in Figures 8 and 11. 

The unplated barrel with nylon bands began with excel- 
lent yaw performance, which declined suddenly on the last 
burst of the first cycle to an extent sufficient to fail 
the burst by the yaw criterion.  This performance was 
checked by firing a second cycle, during which there was a 
rather similar decline at the eighth burst.  The accuracy 
life of this barrel is therefore conservatively set at 
550 rounds.  The two comparison barrels indicated an end of 
velocity life at about 550 rounds, with the accuracy still 
acceptable. 

Bore photographs of plated and unplated barrels having 
fired nylon or gilding-metal bands are shown in Figures 12 
to 15, Appendix A.  It is interesting to note in Figure 13, 
the photograph of the unplated barrel fired with nylon 
bands, the rather large wear of the driving edge producing 
a tapered top of the land.  This type of wear does not 
produce very much effect on the star-gauge readings, but 
may well be expected to promote failure of the nylon band. 
The photograph of the plated barrel fired with nylon bands 
shows no such effect. 

DISCUSSION 

It is gratifying that the problem of obtaining acceptable 
performance of nylon bands in a very hot gun presented no 
more difficulty than it did.  Apparently the poor heat con- 
ductivity of the nylon, and the short time it remains in 
the barrel, prevent any appreciable heat softening of the' 
material except in the case of the first round in a burst, 
as mentioned above. 

11 
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The phenomenal increase in life observed with nylon 
bands in plated barrels is in line with results in other 
calibers.  As a general rule, in plated guns the chromium 
prolongs the life of the gun essentially by the number of 
rounds it manages to stay intact.  After the plating is 
breached, which occurs in the region of the origin, the gun 
wears at the same rate as an unplated gun.  A nylon band, 
being considerably softer than a metal band, inflicts much 
less damage on the chromium in the process of engraving, 
and the chromium thus lasts for a number of rounds at ■ 
present indeterminately large. 

The reasons for the occurrence of numerous yawed rounds 
in two rapid-fire cycles with nylon bands, and their absence 
in four other cycles, is not understood at present, and must 
be investigated further.  There appears to be some chance 
that this phenomenon is connected with the action of the gun 
and feeder, and that nylon is mere sensitive to variations 
in such action than is gilding metal.  Variations in ballis- 
tic conditions or in quality of nylon do not seem capable 
of yielding an explanation.  At any rate,, since the phenome- 
non does not occur in the first 100 or 150 rounds fired in 
a cycle, it may be of little consequence in service. 

That the increased long-range dispersion observed with 
nylon bands in slow fire in a Mann barrel is not of serious 
consequence is supported by a comparison of the short-range 
dispersion patterns in rapid-fire given by nylon and 
gilding-metal bands, which are considerably closer together. 

A comparison of the pattern sizes shown by the two 
band materials, from the summary table, indicates no appre- 
ciable difference, except for the two cycles which had the 
numerous yawed rounds.  Inspection of the detailed tables 
in the Appendices shows that even for these two cycles the 
pattern sizes for the first two or three bursts are close 
to those characteristic of gilding metal. 

A report is in preparation dealing with accelerating 
aging tests, which bear on the problem of storage life of 
nylon bands, with some data on the effect of molding 
conditions on the quality of nylon. 

IAL 12 
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CONCLUSIONS 

The extreme temperature firing indicated that a band 
design and a method of molding have been achieved which 
produce a band that is retained in flight at all firing 
conditions. 

The rapid-fire results showed that very satisfactory 
performance of the band is obtained even in a very hot gun. 
In chromium-plated barrels the nylon bands produce a 
spectacular increase in gun life.  One barrel has been 
fired for over 2400 rounds on a severe schedule with practi- 
cally no wear while a similar barrel fired on the same 
schedule with gilding-metal bands is worn out after 1000 
rounds.  Unplated barrels also show an increase in life with 
nylon bands, but not to a similar extent.  No evidence of 
band loss in rapid-fire has been observed.  Yaw performance 
in rapid-fire has been in some cases inferior to that 
observed with gilding-metal bands, but none of these cases 
having occurred at less than 150 rounds of burst firing, 
they are not considered to be of importance in service use. 
The short-range dispersion obtained in rapid-fire is gener- 
ally comparable with that obtained with gilding-metal bands. 

In accuracy firing (slow fire in a Mann barrel) 
acceptable dispersion at long range is obtained. 
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Figure 1 

NP9-67011 Typical 20mm Type 2 Mod 2 projectiles before 
firing. View on right has modified crimping 
groove« 



Figure 2 

NP 
C 

Microflash photographs, 100 ft. from muzzle, of 20 mm 
projectiles. Top view shows band retained and lower 
view illustrates typical band loss if loss did occur. 
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1  f 

NP9-67012 

Fli«r« 3 

20mn Type 2 Mod 2 Projectile assemblies after 
subjection to normal loading cycle shoving 
ramming effect on standard crimp (left) and 
on modified crimp (right). 



8 
a 
0 
a 
2 
UJ 

d 

u. 

o 
o 
o 

o 
D 

•9O0'-t-220" d. 

q 
in 

cvi 

900"+ 220" 

■frOO- OIL' 

UJ 
> 
0 
o 
cr 

z 
a 
I 
cr 
U 

ü 
0) 
LL 

Ö 
O 

(VI 

§ 

(VJ 

m 
a 

tu 
J 

P 
U 
UJ 
-> 
o 

& 

I 
I 

O 
(VJ 

o 
z 
o 
z 

1 
D 

(VJ 
If) 

I 

_l 
Q. 
< 

UJ 
J 
< 
Ü 
If) 

m 

it 

NPS   fcTOafe FIGURE   A- 



CONFIDENTIAL 
FIGURE 







it 

ri 

it 

it 

jj 

m*. 

-**>-. 

:c>: 

-iqure 



#? fc i-!it SsttMa E"'''1:' t i IT ■"' ! IHi ^ .:!' 1  t :  ! 1 .!! ', 1 
i 

ä ̂  j.f. ^tu i': "^k" 
'•;■; 

t ; 
tt*. ' ; i * i ' t 

£ F fit. II-EM 4
;  f*4 M !H! tf'-' £f !■' *"'i? S j ' 1 ''■ t ' * :-4 V.  ' 

i # ii iöiiti ̂ riÜlla ̂  iti. w ,1 I ;.:^ 8 t !t t' 'H ; i -■ \'l 1    ; ,', j ; ÜLr *i        T 

# 1 It» i pl II     lt»J  = = =i lii1 * ¥ li" ip i'P m F :t I*B int li! |j;| h y :!» lii! :', :iJ 

t ':(: ■'lib :  :      » " ,JH t-   t J 

m 1 h. 1$^ .   ,    föj  ■ :-T 

% 
,: a! u 11 & * HI! Ut, r* r'i '■ 1 i*4> ' 0 1; j: 

t i ;j ■ 1111 If gjilp F'j ■ii 
i" fk ;if H N  = ^*t" Hii M l, ^ 

;f ■; 

■hi ' :1 
T: i;!' ; ■.* r] tjb',,-1 £l :■* s.* t :■■ i 

$ $ f 4P <•-!•£ tH;8FT C + i^ I m 9 !'t ^ B! ;1 tlr 
(- i ui ffi fe ;':■ 1 

h1 *-.., :' | T-J* !lj p  P -B ( 
\\i tfl! '   H : :.' i 

st ft* $ P*2P fjfj 1 [jtj w iui ^ t!i- frb 1*? p,i •Jtf. fi1* i. m !+!, P b:t i 11- 
f! ' ti: ■'■ Jr IM 'P.\ t':! f,! M  ' j 

i* r!: + 
'■> -< ;i I •     *tj    f! 

■•;# 

i • a :  I «St ;j; ,;a Bi ti -P(. :*. " L; !":.; ''14 ■}■ ■ ;,i; 'i; . '■ s !•; j:". -  ; 
jiü 41 itti 1 i     -H   ft; «3|ii# ?tl K I I ,J ii K-^ T< i+4 v' 

1 

itii ft/ i' «3 J-4 i  i 
^3;i 

: ?   " ■ ■ t ■'+:■: fi ;;: 4 

IS! s lli' 11 n ̂  m v" % 
+' 

^ li-i: i !■; rafcF "i 
l-i. 

■; i! | i ̂  (4 jiif i; i ' !*   «.ft ^ ■ :+L *      i * 
= ! n tö} lii ̂ iSi ¥ & 

■:■*-;- U m itf &f ^-p 5 p $ Ü[ -I w ̂  :i" i rr*r # 
T fpi ' !! ! ■1:-, j Si f 

# fen &M ̂ 1# fea :4'- M ty :jft -.1 **/ rl a- i t t { 

■ 1 
ft. j_'. M f-i i'i j !- 

4!< 
S ' K:   ,'■ . !   54   ■■!: ^ 

"! ,i t- ss Hi fi*t f"-^ f ft ^ it H I'- fl ',;' Hj 
' »■'   , 

ff* 1. l' f 
rS: H;i |i-!l tlrrp itii i ; &l! ■i ■: 

■n Ä t;' li i* t:! it' ■it' i'. i, )!' - 'i 11 ' i i * o !■. 

.K     i 1 
\V ;' ji l ] ,    1? 1 

'   d± "'. x ■ v 8 
7« 

J[ft!i ?i + 
1 

X ( 
* k 1 j 

r 

* \   "'.    ' ' ,■'-'   + 

2 i 8 "" iV ^» 
r 1 H

 .r i-: ■ ': -J !?■ i ly <   ■ ■ i t 

• .» ir <M JI 5»£ L . i 
.- _ t 

a. OE ^ 1 g s , • f 

s n 1 6 rr ■i ! s 
',',.. ;. 1     ■■  ■    i ,  5. S s 5 1 p • ■ r 

f 

• t; I1! [ 
*— g- 

^ 1 ^ i s 
:i!> U1 .' :.'  -i'.   ■ .   Q; ;i k  i 1 1 ■ .-• ' 1 ^ 
!: ( 5-^, '!» 0 K •• 9 
- !:: 

S    .:M ;:! 'v (0 lt.; .'t. i;r! :■' * ' •■■ 
: ■ fl t 

i 
4 » ..' ri 1 

: !, ..' :   '        '       i   ' «i « ,    4 _■ » «^ ■ ! . 

■ ; 

' ! ^"2 *, ' 
i;: I.-' 1 1 : at!* i' i: !'; '■:.-! .  1  :' i ■ .! ,'f • t '■§ ! :- 
j. 

i.    . •.:    : 5? ■ i •: ;;:: 
.;: ♦;";■ ! J                           j i : i1: :!'.'■ ',-' li 

M| 1 
1 

n 
i j   1 ii Hl: r^ |,; ?„ fi* ''* ':■]• :tf i i - 1 ; 

'■;- M  * ■    1 
1 ;V *: M i^*f * :l fil 1 r : i ;" "li : &■ •>! 1 

E : 1 
*• i| *L t t. 1 < S !: 

;. :' .          < •   Z *l ' ■*) I. • TI T 

( i t:.i ■ XL ' i ., ' 
r :    !■■ 4 H ■ i .   ■ 

■ « ■■'     J ,  ! - ' . r. -. 
fcji *+* ! A 

:-<\iifti IKfw !"■ \r-i '■■!' 
t.'( 

'■): * "* t • f i 
«: 

!ü; >\'-' (W!VH "iiül'fU :lf f: H ,r r- . ! ' 4 ' l_ + , i !: 
* f. t :h S^j£4 i,PHT fij^ \:- t~ 1 ,!i :•, '£ jii %   i < +- :.. 1 
IV ' .   '■  ' '■ 

,      ]-:   ,- :i,. t.' * 
£ .' >-n fT  ;.',; ,K*:: |.|} tn; B 1 ! 

f   t ;- . • ! 
; F r^* j+ *   ■ t» ■•4 i1 

■!■ o t 

HJ- H 
■ i 

Ü + JI • ' 1 

Pv ■>;J   '"'■'■    i'.tf ■. r-T; (; • + 'J . - • .    • .: 
s- ti- iü58 IS 'ij |_ ft(i :' ifij 

■"-   • .'; h j-i ■    1 E 
r.r *t, ,. g^lg | «ü l:r ■'* 

Ir4 ♦Ii' -.- ■'■ 

*- i 
/ £" fe- ■k- !kI;|U ftf[ ft.J w; 

ii'T \:i tf* »"' •v 
.j_ 

*■. sf .': : j: + 

ff it:! l'l f44 fit fc,'] FrM£ jii P + +4 KT *i ,=!' ! -« * n 01 ni HO ••w 
i i 

!>i-J U :;;. 1 ? »it § ! l^sjrit fnf W m »,:, h. ;■. t t ' 
1 ' ► M ■     rt I 

.;• & . '. '    ^ -. t ■ ") l:t ■ 
1 

i 
s !* +    :      * ■.f {,. C'l ! :. tu a : t * 

■' ;< . 1 : 
■ 

t-j 1 :i'. !t*!!|   ■?! !n   .. ; ■ ., If t(i. s HS -■ 
: ■ y* s .. v & tf S K C      i r, fi: { 

rl! i!:- : . ■■; ♦!■ 
t. 

'■+■'* :.; + .'■'t \(l[ t^j| 

!i? fi m 
1 

4 >■   : 'jt 
:-i /:  ti 4 :t+ b.lf: 'ii ^1 lii' ÖV. -i. Tt

J ( 1 UM )U | •1 * ? 

Nli »ti 6 wßt~ :■; ^V * H fe* Cj. H - <_; :• | : 1.-: 1 '    C im ■-—«■ 
"^IfcWi Figurt 9 



EfSTFro-T 



Figure 11 



to w 

3 CM 
Ü   3 T-l 

O -P 
E J-, o 
E      a> 
O J- --J 
CXvO  O 

J"   PH 
T)t\   p. 

CD 
4->   t»0^^ 
fC   C T) 
ri'H   J) 
CU  f-, T3 

•H   C 
CD t>-i   CO 
E        .C 
O  U 
^  «DC 
x: -p o 
U^HH 

4-> cd >■> 
(-, ««     c 

ON O OJ- w 
t«cu 00 
rn x: in CM 
c\j m P. 

cd tdX T3 
o CM ^ b_ O 

t-\ 
o   • 

© +->  O C\J 
u O 5= 
3 .C         CD 
HO 

■H 
CUH  p. 

0)  t>> 
fc 

B
or

e 
B

ar
r 

o
f 

 T
 

I 
i   \   r T 

'V 
' j 

* «.u«. 

JTifC," 

1 

V 

1 

UN 

o 

o 

fSJ^TV^,--»^^ 

Y 

o 

C   f-> 
0--H   C 

o o 

A3 l"r .«¥ 

x: o 
0) 
<D 

CQ 

g 

(D 
o 
C 
cc 

4-> 
</> 



\    V   V   T~T """r~i    \ 

"■'**!$: 

■p 
(-1 

ON   O 

ro 
c\ w 

ü 

0) 
M 

MC 
C O 

ETH H 
E M >> 
O-H  C 
C\, <MW 

-O   w CY 
a a 
P -PT5 
cö <n O 
H COS 
p. 
G C\J CM 

rOQ) W 
CM J- P. CD 
OIÖ.  >>i— 

CO EH .rH 
£ -P 
P.     »«M    O 
5IOO0) 

bO WO 
OH-O ^ 
P <D C P. 
O   M   P 
£  M O'"- 
P-< ctf M "O 

cc      a. 
Q)       rH -O 
M C J-   C 
o p o ce 

iviruwiiir/innf/iiHKinininiiiHiiiHiKiHnini 

Vht   _ _ ,  
V TOY'   TO -vv. TVH \ r 

fmil(^wn'A:^£™im)ni»;K»»jji#;Mm^ 

o 

1-m' 
^v'AW 

o 
f 

Jlu'JL-iu. 
KlJS^^fli">iia>t<OT<{t>yit)>"'"^"">1*-'''"'"''',m,B,',*"g^ 

I;        ■■'.-,        \   ,v. <     i   Mi       \   >[ ■■      '   V-1        \   t •        \   :-l    •   ••   I 

ü \ i A   'A. 

o 

ß U 
C^<H O 
£• bOCQ 
J--H 

M«W 
O  O 

x: 
o 
0) 
CD 
fn 

PP 

E 
O 
P. 

«M 

a 
o 
c 
rt 
-p 
10 



Ö        bo 

ß -H 
T) -H T3 
0) PH 

■P -H TH 
CC tu tO 

pH V-- 
(X.  FH 

<L> o 
<ü -P 

o <o o c 

O00 H 

-P 

o o 

C\J to 
cd 

Q) 

HO 

OXä 

oß  O  O 

tc     w 
OH-O 
P CD ß 
O   f-i   J3 
.c ^ o 
O, cd *-. 

CQ 

t-i  C tN 
O3H 
Kon 

-p 
ü 

CD 
•o 
O 

10 

c 
CO 

«0 
p 
CD 

CO H 
OJ SS 
O K 
C^Q 
VO M 

I fc 
OS3 
(X o 

. 

iiiimmiiik 

jEj™^»™™»»™^^ 

O 

IN 

O 

»imiiiitit(iiti«uit'-''*<iiHiiiiiiuf"W:Viri;it^^ 

ME'-'     U 3« "=.. 

>!>t>Vii_i>m:inu>.\»um''i'!H\ntn\»un;iiKiHit»fnmiii,vnT .ittiniiiiitmiiinFiiirinfiT>ri»TiiriiiiFffr«ira>a«i«yiirjp*CTTyyji<ii;»n»,i»","'r/:<;;':v--»?< 

O 

0J 

c* bo» 

o o 

o 
CD 
<B 

PQ 

E 
O 

«M 

0) 
V 
c 
cd 
p 
to 



flsüPH« 

\   \ 

AL i 

.p 

o o 
cd. 

oj to 
cd 
ü 

lr\ 

t-t 

•H 

tn 
-c 
C 

O 

5 ^' 
oco 
ß\r\ 
E 
O  bo 
c\! q 

•H 

-P  «M 
m 
r-l U 
P- 0) 

<M 
OvO 

CO 
.CvO 
P«\0 
CÖ\X> 
fnCO 
CiG 
O • 

■P o 
oss 
0, iH 

0) PH 
PH t-i 
O   cd mm 

-a 
c 
cd 

43 

CÖ 

fü 
S 

c 

bß 

o 

O   (0 
2 <ü 

rH P 
CJ 

O 

O   P, 

^.,..„, .„„„,.,„....,^.,.rT.,..„„,^,^.^^p^F1 

o 

o 
vO 

™i yr TTH"
- 

IK» T     T-TW»^ 
V*Hl 

o 

C t< 
•H   O 

O    O 

ü 

CD 

PQ 

E 
O 

a> 
o 
ß 
cd 
p 
co 



APPENDIX  B 



NPG REPORT NO.  1342 
NAVORD REPORT NO.  1339 

O Xi 

"S3 
3 fa 

CO 

W5. -S 

o o o Q 
■a £ -o u 

QOQOOOOOOO «> 3 O O O (D SOOO 
ffSSuüooiT'Uu <n +> o o o nouoo 

rlHHHHH        Hrl«OHHH»OrlHH 

3D. rs D. 

vD 

O 

CQ 

CM 

■a 
i 

ä 
a 
•a 

1 
CQ 

•H 
+> 
O 

o 

+> 

3 

O 
CM 

o 

« 

-   an 
O O N 
(«\ d H 
iH fa 

-  a H 
"AON 

-  BS 
IA   O   N 
IM. a fa  - 

5>  bo   • (Js 

is a ^ 
0,a  bog 

fa 

ro 
bo (H m 
q <D^ 

•H 13 O 

•H O" fa 

o o 
f*   S5 

nO<tONNOOUOOO(V       CM O O-<r       O O CM 

T T V * 
NO-*onnooNooo<*     «JON«     O o CM 

s 

«0vOvO>^lAlAlAvOlAlA PPI 

M$ M" 

v£)vp\/>vß\pvpNpvC>vOvOvpsp>jb 

HNr\Njl^v£)M0(T>OHMn       -4 

0000000000000 
CVCMCMCMCMCMCMCMCMCMCMCMCM 

$ 
«oo^mnoowooo-J    -*oco«>    oow 

PS£ ö^S^SS^^SSss söss ss&s 

t-to f-eo c- r>^0 totoo to «*v0     coc^to»     f-r-r» 
§333333333333 3333 333 

P*! ~* P\ CM CO T> CM CO CM CM CM CM CM        CM ~* CM CM        CO CO CO 

33SS833SSS3SS 3333 333 

N" N' cö\ PS <A , o ° r-    t> c> .   .... I    I   I   I   I    ...        ..II        III 
-4-•«*>A IA -^ I   i   i   i   i IA^«$     «*«* ii        ill □ qqqq _ =i ^     -* -* 

rH iH CM CM (MO CM CM O CM CO CO O CMNQVQCO QvOtO 
IA IA vo u-\ 5t co, g^ H sf co ^t co <F> co-5^0^ «ScMco 
CMCMCMCMCMCMCMCMCMCMCMCMCM CM CM CM CM CM CM CM 
CO CO CO CO CO CO CO CO CO CO CO <*\ CO c*\ CO (*\CN CO CO CO 

UMA IA mm u\UM(M(Mrt T\ IAIA     >A>AIAIA     >A IAIA 
totötotQcocototosoöjtQtbco     to to to to     toeoto 
sO \0 >o ^O *j5 NO ^D NO '«O ^0 ^O "5 "5       ^0 NO MJ M3       M5 ^5 MJ 

UMAIftlft       >A>A >A 
vp O vD vp       NO yO vjO 

SI   ^5^45^4544955   3593   399 

•AvO f-       CO Ov 8 

tJOHN CO ~*>A 
sO f=-C> P- t^ t^ t- 
O Q O O O p O 
CM CM CM CM CM CM CM 

fa 
o 

s   *• 
H + 

+ 

<D 
EH 

1 

♦ 

O 

& 

o 

S 

o 
En 

to (0 

■H •H 
+> -t-> 
O O 
<D <D 

■»-* •»-s 
n O 

£ 0- 

4 3 
+> ■^ 

o 
►H J3 

u o 
«M 

fa 
o 
IA 

1 

r-  ■ 

3     3 

i*   i*  fad fa 4-1 

^g 
IA 
CO 

>A 
CO 

It 

it Si Si 
0 

+> o 
+» ts 

-  o 
O   Ü 

^ 

1 
ID -p( 

4> 43 

AS 
•H   Q 

O >A 
O -* 

•^1   I p o 
ti CO 

°$ 
o  of 

CQ <4 



NPG REPORT NO. 1342 
NAVORD REPORT HO. 1339 

CM 

a 
g 

«0 

o 
as 

3 

n 
'S 

a 
15 
e 

® 

a) 

ä 

o 
CM 

o 
4» m 
<D 

ID 

o 
o 

fl -p ox 
til 

•d -H 

Wl 

OOOOOOQO^O 

i-t        rH r-l        i-IH        iH 

oooooooooo 
ooooouooco 

-   8,3 
O   O   N 

»£p » 
a) 
H 
0 -    fl.3 

in O «a 
H h *> H6*S 

J< 

ooonooHoNo 

5       S 7 7 
«*OOCMOOHOCMO 

u 

II 
Q 

■go 
Id 

(p ^ "a 

v< a o 
O -H 
O 4» 

ei 
COi 

hfl    • ft* 

er 

ft«       «Ml 

o" o| 
fcT 

CO (0 WCOi 

OOOHOOHOOO 

CM CM 

oooNivonuou 

Sto 
•    |    I  NN   I    I    I    I    I 
i   i   i to to i   •   i   i   i 

£• to totor^cMeototocM 
t-t-t-C-wtot-t't'W 
ÖÖÖÖÖSSSSS 

i Q • • i i • i i d 
• H I I I I I I I H 

3333399393 

COCO CO <£   t    I    •    I    I    f 
0s o* o o 

f*> C\ f*\ C\ CN C\ C\ f*\ C\. C\ 

»f\»r\«r\ir>UM/\»r\»f\i/su,\ 
CQtQ0QCQ<0tQt0t0t0Cb 
\2) \6 so 'S N© "25 Co **o NO *O 

\p vO NO \Jp vp O vO vO ^0 sO 

I    I    I    I    I    I    I    I  O Q 
I    I    •    I    I    I    I    I  H H 

9993833338 

««SS 
• ... i i i i i i 

to toto f> i i » i • • 

Sfc$3t«£838«»P 
C\ C"\ C\ C^ CN f^ f\ C*\  (*> <V 
f> f\ <*\ c\ c\ c\ f> r^ c\ c\ 

to to to to to to to to to to 
*D "55 \o *^J *»5 \o *^5 *5 ^5 'S 

Sgl 3333333333  3333333333 

t»\ »r\ t- OM-I c\ f\ t- Qv      <V-N»\OCO O <N ^*vü CO . i-i P\ u\ t- o 
HI-4I-IHH 

«fN\Or-tOQ>Qt-tCMC\-<t 
O^OO^OO^QOQOQ OOOOOHHHHH 

sa^ss 
v>oe»-coc»a«-icvi»\>» 
3388333333 

^^ 
Q ft. 
so a 
f-l «TV 

♦ 

11 a. 
■k 

|| 

«ER 
ir> in 

SB 

CV1 CV CM CM CV Ol CV CV CM CM        CM CM CM CM CM CM CM CM (M CM 

O   O 
o o 
ss 

CM CM 

■0 "Ö 

CM CM 

S.S. 

a a 

•H <H 
♦> *> 
O   O 
o a> 

es 
a. a, 

55 

■v 

'-. «H 

B Ä 

■5- 

a o 

•2 *« 
§ 2r\ 

(. o 
1 ** 

o 
u © 
o • 

ft. 
o 

s 

B8 

« 
>* 9 

O +> 
t4   O 
^     • 
o    O 

u a 

O 13 
Ü 

§ h 
3 O 

ß TJ 

II n 
•H 

55 . 
Ü  t» s> 

Ml* 
m    *4> 

4>   SI 

nil 
OvO 4> 



S?G  iTSPOHT HO.  1342 
NAVOHD RSPCRT NO.  1339 

I 

H 

o 
SB 

■o 

8 

o 
o 
£ 

9> 

r§ 

r 

<H  O 
3(§ 

all 

-  flA 
in o « 
H »< - 
H Pu 

I 

8 000000   OCOOOOOOOO 
HSSSSSS   aaaaaaaaas 

IOQOOOO        OOOOQOOOOO issssss   ysaaasaaaa 

.CM.CM N        M ,CM 

^M"        H"      7M" PH" 
I    I I I I 

.CM .CM M        ^^ 

H'rH i-l        iH H 
II III 

mO(V"MV(V"* vO Cl CM WN CM CM «*\ WN f>\ r-i 

O^OOOII   Ö O O ^ _ 
o o o o o i ■  o o o o o • • i * ■ 

C^ ^T^^ J-a3 i i i i i 

38339 83888 ssss»!:   sssssi:::: • • • • • • • • • • 

• S 00 N       P-C*-TOC**r- 

ttoooto ■   I       «ototototo I   I   I   I   I •    •    •    • 

CO O ■»> ' 

laa sai 

-4 -rf ^t ~* ~* OS C\ Sr\ir\inif>BsRÄa>SvO 
rJ H H H H H H HrH H i-IH i-l H H H H 
N (MNOIW m« CMCMCMCMCMCMCMCMCMCM 

8   *■ 

si*81:s sii iss it::    t  | 

«HW«W   , ÖJ55N r+CM CM H CM CM 
aaasaii  ^aaaaaaaa 

(0 ONU> OVOV\ 
•    ••{III •    •    •   I    I    I    I    I    I    I 

vD 00 to  I   1   1   i       mtpto I   i   i   1   i   11 

o^ c^ c\ t*"\ t*S c*> f\        C\ (^ C*\ C^ C^ f^ f^ t*\ C\ f^ 
f> f^ O C> fN (♦> C\        C\ <*% f\ f\ C^ C\ CN f\ O f^ 

w\ m v> »rs m m ir\       v\v\v\ir\WMT\v\ir\»r\irv 
Sob 00 to 00 co to       opoo<QcgcocgtocQC003 

H)>OVO>0 VOH)        NO H) VO VO NO NO V0 \0 NO VO 

\Q Co CD \B \D Co 05  Co V35 CO CO OS Co 05 \D 05 05 
HHHHr-*iHiH HrHHHHHHHHH +   +   +   +   ♦♦   + +   +   +   +   +   +   +   +   +   + 

p 0« • 
8 ♦ 1 

a a c- 

^ =s 
M •• ts • ■p 

ft * a 
C4 i 

R R 
ir> in Q 
o c\ Q 

►J 1-9 

Sä 23 i 
5 5 

1 
o o o o 1 
8 8 5 

CM CM Pu 

1 s 2 
CM CM 

1 
a 

I 
1 

3 ■5 

o o a 
s 9 ••-» ■*-! a 
s 
0, 

2 a. a 
5 3 o 

(D 
•P> 

■p ■P 0 

a 5 £ 



APPENDIX C 



NPG REPORT NO. 1342 
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DESCRIPTION OF VELOCITY AND PRESSURE-TIME TEST 

Ref:  (c)  NPG Conf Report No. 845 of 3 September 1951 

1. Pressure-time curves were taken on rounds assembled with 
projectiles Type 2 Mod 2 (Nylon 0'.»3 band 0'.'828 diameter) and 
projectiles with Nylon 0!J3 band 0V834 diameter (marked "SP"). 
Rounds assembled with projectiles Mk 11 Mod 0 were used for 
control. 

2. All rounds were assembled as indicated in Table 4 from 
components on hand with the exception of the nylon projec- 
tiles.  The nylon-banded projectiles were crimped in the 
case with the special crimp devised for these projectiles; 
the crimp for the gilding-metal-banded projectiles was 
standard.  When fired, the projectile emergence Was missed 
on the original projectiles with nylon rotating bands 
because the nylon was insulating the projectile from the 
barrel.  Three more projectiles of each type were furnished 
and the muzzle exit recorded by the breaking of the muzzle 
wire.  It will be noted that the rounds of one group of 
projectiles with nylon bands were fired alternately with 
those of the other group having nylon bands.  Neither group 
was alternated with the group having copper bands.  This 
was felt desirable to avoid any additional coppering of the 
barrel while these rounds were fired.  All data were 
recorded by procedures covered in reference (c) except the 
projectile emergence times.  All results are tabulated in 
Table 4»  Typical pressure-time curves and a calibration 
are included as Figures 16 to 18 inclusive. 
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DATA PERTAINING TO THE RAPID-FIRE GUN LIFE TESTS 

Gun 

The 20mm aircraft gun Mk 12 Mod 0 used in these tests, 
which fires at a rate of approximately 1000 rounds per 
minute, was mounted on a stationary mount for normal rapid- 
fire operation. 

Barrel 

The 20mm Mk 11 Mod 2 barrels fired in these tests were 
either chrome plated with 0;J006 hard chrome, chamber and 
bore, or unplated.  The rifling had uniform twist of 1 turn 
in 25.587 calibers, and a uniform depth of >J015. 

Round Assembly 

The 20mm Mk 11 Mod 0 (Target) projectiles, both 
standard and modified (nylon band and extra crimping groove) 
were assembled in Mk 5 steel cases with Mk 47 primers (with 
one exception; the primer Mk 4 was used in Barrel No. 
856686).  The standard projectiles were rubber crimped at a 
pressure of 15 tsi and the modified projectiles at 20 tsi 
pressure.  The nose plugs were standard pointed dummy nose 
plugs. 

Powder 

The propellant, IMR 7013 Lots CDZA-1 and CDZA-3 (the 
latter also designated as 1A-40302), was a 20mm NH produc- 
tion powder.  The two lots were of the same series, having 
the same nominal composition and granulation and the same 
approximate flame temperature (2880°K). 

Yaw 

The projectile yaw in degrees was measured at 1000 
inches from the gun by means of a traveling paper screen. 
Actual degrees of yaw for each round was determined by 
measuring the maximum diameter of the hole cut in this 
screen. 
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Dispersion 

The dispersion was measured at 1092 inches from the 
gun by means of a stationary cardboard target, and is 
expressed in terms of ,the horizontal and vertical dimensions 
in inches of the rectangle on the target enclosing all the 
impacts in one burst (approximately 50 rounds). 

Velocity 

The velocity measurements were taken for each round by means 
of a Potter recording counter chronograph.  The magnetizing 
coil was placed at the muzzle of the gun and the velocity 
measured by means of coils placed at 30 and 80 feet from 
the muzzle. 

Barrel Inspection 

The barrels were inspected by observing the rifling and 
chamber before and after each cycle was fired with a borescope. 
Photographs were taken at points of interest, before and 
after firing each cycle, of the barrels firing nylon bands 
and after each cycle of some of the barrels firing gilding 
metal bands.  The barrels, rifling and chamber, were gauged 
before and after firing each cycle.  Each diameter at a 
dimension from the gauging plane was gauged three times on 
three different sets of lands or grooves. 
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